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(57)Abstract: 

PROBLEM TO BE SOLVED: To pulverize magnetic iron 
alloy by the use of a hammer mill without changing the 
particle size distribution with time. 
SOLUTION: Hammers 12 inside the hammer mill device 
10 are formed of hard metal material, such as tungsten 
carbide, to suppress the wear of the hammers 12. It is 
desirable to use Re-Fe-B alloy prepared by splat cooling 
as the iron-base magnetic material and it is also 
desirable that FSSS average particle size ranges from 
10 to 100 |im. The resultant powder is used mainly for 
sintered magnets and bonded magnets and also 
applicable to the manufacture of other members. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The manufacture approach of the iron machine magnetic material 
alloy powder which includes the process which prepares the iron machine 
magnetic material alloy containing the iron more than 50 mass %, and the 
process at which a part of part [ at least ] in contact with said iron 
machine magnetic material alloy grinds said iron machine magnetic 
material alloy using the hammer mill equipment currently formed from the 
cemented carbide ingredient. 

[Claim 2] Said iron machine magnetic material alloy is the manufacture 
approach of the iron machine magnetic material alloy powder according to 
claim 1 which is a nano crystal magnetic material. 

[Claim 3] Said iron machine magnetic material alloy is the manufacture 
approach of the iron machine magnetic material alloy powder containing 
an iron machine boride according to claim 1. 

[Claim 4] The manufacture approach of iron machine magnetic material 
alloy powder given in either of claims 1-3 said whose cemented carbide 
ingredients are tungsten carbide. 

[Claim 5] The manufacture approach of iron machine magnetic material 
alloy powder given in either of claims 1~4 to which mean particle 

diameter generates 10-micrometer or more iron machine magnetic material 
alloy powder 100 micrometers or less with FSSS grain size according to 
the process which grinds said iron machine magnetic material alloy using 
said hammer mill equipment. 

[Claim 6] The process which prepares said iron machine magnetic material 
alloy is the manufacture approach of the iron machine magnetic material 
alloy powder according to claim 5 which includes the process which forms 
the molten metal of a raw material alloy, and the process which cools 
the molten metal of said raw material alloy quickly, and forms a rapid 
solidification alloy. 

[Claim 7] The manufacture approach of iron machine magnetic material 



alloy powder according to claim 6 that the cooling rate when cooling 
said molten metal quickly is 102 degrees C/second ~ 105 degrees C/second. 
[Claim 8] Said iron machine magnetic material alloy is the manufacture 
approach of the iron machine magnetic material alloy powder according to 
claim 6 which is a Fe-R-B system (boron and R are [ Fe ] rare earth 
elements for iron and B) alloy, 

[Claim 9] Said iron machine magnetic material alloy is the manufacture 
approach of the iron machine magnetic material alloy powder according to 
claim 8 which is an alloy for nano composite magnets. 

[Claim 10] Said hammer mill equipment is the manufacture approach of the 
ferromagnetism ingredient alloy powder according to claim 1 
characterized by having two or more hammers connected to the revolving 
shaft, and the pulverization chamber which holds said two or more 
hammers, and forming said some of hammers [ at least ] from the cemented 
carbide ingredient. 

[Claim 11] It is the manufacture approach of ferromagnetism ingredient 
alloy powder according to claim 10 that the liner which has irregularity 
is prepared in the front face in the perimeter of said hammer at said 
pulverization chamber, and said a part of liner [ at least ] is formed 
from the cemented carbide ingredient. 

[Claim 12] The manufacture approach of the magnetic material components 
characterized by forming magnetic material components using the iron 
machine magnetic material alloy powder produced by the manufacture 
approach of iron machine magnetic material alloy powder according to 
claim 1. 

[Claim 13] The manufacture approach of a magnetic material component 
according to claim 12 that said magnetic material component is a 
permanent magnet. 

[Claim 14] The molten metal of a Fe-R-B system alloy is cooled with a 
quenching method. By it The cooling process which forms a with a 80~ 
micrometer or more thickness [ 300 micrometer or less ] rapid 
solidification alloy, The process which generates the alloy which 
crystallizes said rapid solidification alloy and has a permanent magnet 
property by heat treatment, The manufacture approach of the iron machine 
alloy permanent magnet powder which includes the process in which said 
alloy is ground using the hammer mill equipment with which a part of 
part [ at least ] in contact with said alloy is formed from the cemented 
carbide ingredient, and mean particle diameter forms 10-micrometer or 
more powder 100 micrometers or less with FSSS grain size by it. 
[Claim 15] The manufacture approach of the iron machine alloy permanent 
magnet powder according to claim 14 which includes further the process 



which carries out coarse grinding of said rapid solidification alloy 
before said heat treatment. 

[Claim 16] Said rapid solidification alloy is the manufacture approach 
of the iron machine alloy permanent magnet powder according to claim 14 
or 15 which consists of organizations where at least one metastable 
phase chosen from the group which consists of an amorphous phase and 
Fe23 B6 phase, Fe3 B phase, and an R2Fe23B three phase circuit before 
said heat treatment, and R2Fel4 B phase are intermingled. 
[Claim 17] Said rapid solidification alloy is the manufacture approach 
of the iron machine alloy permanent magnet powder according to claim 14 
or 15 which consists of amorphous organizations before said heat 
treatment. 

[Claim 18] the alloy which has said permanent magnet property — FelOO- 
x-yRxBy (Fe — iron — ) R is expressed with rare earth elements, B is 
expressed with the empirical formula of boron, and x in said empirical 
formula and y satisfy the relation of x<=2 atom %<=11 atom % and 10 
atom %<=y<=20 atom %. As a configuration phase The manufacture approach 
of iron machine alloy permanent magnet powder according to claim 14 that 
the diameter of average crystal grain of each configuration phase is 
lOOnm or less in FSSS grain size including the alloy of Fe, Fe, and B, 
and the compound which has the R2Fel4B mold crystal structure. 
[Claim 19] The manufacture approach of the bond magnet which includes 
the process which prepares said iron machine alloy permanent magnet 
powder manufactured by the manufacture approach of iron machine alloy 
permanent magnet powder according to claim 14, and the process which 
fabricates said iron machine alloy permanent magnet powder. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of 
manufacturing the powder of the iron machine magnetic material alloy 
containing the iron more than 50 mass %, and the method of manufacturing 
magnetic material components using the powder. As an iron machine 
magnetic material alloy, not only a hard magnetic material alloy but a 
software magnetic material alloy, the nano composite magnet which the 
hard magnetism phase and the software magnetism phase combined are 
contained. Moreover, not only permanent magnets, such as a sintered 
magnet and a bond magnet, but a magnetic-shielding member etc. is widely 
contained in magnetic material components. 
[0002] 

[Description of the Prior Art] In order to grind a magnetic material 
alloy conventionally, grinders, such as jet mill equipment, power mill 
equipment, and ball mill equipment, have been used widely. However, the 
powder with which particle size consists of a comparatively big particle 
which is about 100 micrometers according to jet mill equipment is 
ungenerable, and if power mill equipment, ball mill equipment, etc. are 
twisted, the grain size which shows single normal distribution will not 
be obtained. For this reason, in order to grind a magnetic material 
alloy and for a mean diameter to generate 10-micrometer or more powder 
100 micrometers or less, pin disc mill equipment etc. was used. 
[0003] Moreover, as grinders other than the above, the hammer mill 
equipment which is a kind of an impact grinder is known, and it is used 
in the field of powder metallurgy etc. As hammer mill equipment, U- 
atomizer 15 mold by Dalton Corp. is mentioned, for example. With this 
hammer mill equipment, in the interior of the pulverization chamber 
covered with the liner (lining material) which has irregularity, two or 
more hammers connected possible [ swing ] to the rotating disk are 
formed in the front face, and a hammer rotates the grinding interior of 
a room at a high speed by carrying out high-speed rotation of the disk. 
A ground object is ground by receiving a blow, grinding, or being 
pressed and crushed in the clearance between a hammer and lining etc. In 
addition, a hammer and lining are formed from austenitic stainless steel 
(for example, JIS SUS304 grade), 
[0004] 

[Problem(s) to be Solved by the Invention] However, there is especially 
no example it was reported that it was to grind the magnetic material 
alloy conventionally formed from a specific ingredient using such hammer 
mill equipment. Moreover, when hammer mill equipment ground a magnetic 



material alloy, it was not known whether it is that the alloy powder 
which has the particle size distribution suitable for magnet production 
is obtained, either. Although the magnetic material alloy contains many 
iron typically, in order to produce the suitable alloy powder for 
magnets from such an alloy, while grinding an alloy very finely, it is 
required to grind so that particle size distribution may turn into 
predetermined distribution. In magnetic production, since the particle 
size distribution of alloy powder have very big effect on a final magnet 
property, it is very important to produce the alloy powder which has 
predetermined particle size distribution. 

[0005] On the other hand, the invention~in-this-application person found 
out that the alloy powder which has particle size distribution suitable 
as powder for magnets was producible, when the iron machine magnetic 
material alloy which contains the iron more than 50 mass % using hammer 
mill equipment was ground. For example, in order to produce a nano 
composite magnet, when the iron machine magnetic material alloy (iron 
content is about 70 mass %) used appropriately was ground using hammer 
mill equipment, the grain size suitable for magnet production was able 
to obtain 10 to 100 micrometers alloy powder. 

[0006] Furthermore, according to the experiment of an invention-in-this- 
application person, when it was going to grind the above iron machine 
magnetic material alloys using hammer mill equipment, it turned out that 
a hammer and lining are worn out in a grinding process for a short 
period of time, and the particle size distribution of the powder 
obtained by grinding change with time. Since especially boride phases, 
such as an intermetallic compound contained in a nano composite magnet 
and Fe23 B6, have the high degree of hardness, the grinding object 
contact section of a grinder especially a hammer, lining, etc. are worn 
remarkably. Thereby, when the gap of a hammer and lining changes, the 
shift of particle size distribution with time arises notably. Especially 
the shift of such particle size distribution is not desirable in order 
to degrade the magnetic properties of magnetic material components, when 
using for manufacture of the magnetic material components represented by 
the magnet etc. For example, when particle size distribution change in 
the direction in which mean particle diameter becomes large, there is a 
possibility that the magnetic powder filling factor in injection molding 
or compression molding may fall. Moreover, in order to prevent change of 
such particle size distribution, while it is necessary to exchange 
components, such as a hammer and lining, frequently and a throughput 
falls, a manufacturing cost will increase for the labor cost which 
exchange takes. 



[0007] This invention is made in view of these many points, even if the 
main purpose grinds an iron machine magnetic material alloy using hammer 
mill equipment, neither a hammer nor lining is worn out for a short 
period of time, but a powdered grain size is to offer the manufacture 
approach of the iron machine magnetic material alloy powder which cannot 
change easily with time. 

[0008] Moreover, other purposes of this invention are to offer magnetic 
material components, such as a bond magnet, using the manufacture 
approach of such iron machine magnetic material alloy powder. 

[0009] 

[Means for Solving the Problem] The manufacture approach of the iron 
machine magnetic material alloy powder of this invention includes the 
process which prepares the iron machine magnetic material alloy 
containing the iron more than 50 mass %, and the process which grinds 
said iron machine magnetic material alloy using the hammer mill 
equipment with which a part of part [ at least ] in contact with said 
iron machine magnetic material alloy is formed from the cemented carbide 
ingredient. 

[0010] In a desirable operation gestalt, said iron machine magnetic 

material alloy is a nano crystal magnetic material. 

[0011] In a desirable operation gestalt, said iron machine magnetic 

material alloy contains an iron machine boride. 

[0012] In a desirable operation gestalt, said cemented carbide 

ingredient is the tungsten carbide. 

[0013] In a desirable operation gestalt, mean particle diameter 
generates lO-micrometer or more iron machine magnetic material alloy 
powder 100 micrometers or less with FSSS grain size according to the 
process which grinds said iron machine magnetic material alloy using 
said hammer mill equipment. 

[0014] In a desirable operation gestalt, the process which prepares said 
iron machine magnetic material alloy includes the process which forms 
the molten metal of a raw material alloy, and the process which cools 
the molten metal of said raw material alloy quickly, and forms a rapid 
solidification alloy. 

[0015] In a desirable operation gestalt, the cooling rate when cooling 
said molten metal quickly is 102 degrees C/second - 105 degrees C/second. 
[0016] In a desirable operation gestalt, said iron machine magnetic 
material alloy is a Fe-R-B system (for iron and B, boron and R are 
[ Fe ] rare earth elements) alloy. 

[0017] In a desirable operation gestalt, said iron machine magnetic 
material alloy is an alloy for nano composite magnets. 



[0018] In a desirable operation gestalt, said hammer mill equipment is 
equipped with two or more hammers connected to the revolving shaft, and 
the pulverization chamber which holds said two or more hammers, and is 
characterized by forming said some of hammers [ at least ] from the 
cemented carbide ingredient. 

[0019] In the desirable operation gestalt, in the perimeter of said 
hammer, the liner which has irregularity is prepared in the front face, 
and said a part of liner [ at least ] is formed in said pulverization 
chamber from the cemented carbide ingredient. 

[0020] In the desirable operation gestalt, in some walls [ at least ] of 
said pulverization chamber, the liner which has irregularity is prepared 
and said a part of liner [ at least ] is formed from the cemented 
carbide ingredient. 

[0021] The manufacture approach of the magnetic material components by 
this invention is characterized by forming magnetic material components 
using the iron machine magnetic material alloy powder produced by the 
manufacture approach of the above-mentioned iron machine magnetic 

material alloy powder. 

[0022] In a desirable operation gestalt, said magnetic material 
component is a permanent magnet. 

[0023] The manufacture approach of the iron machine alloy permanent 
magnet powder of this invention The molten metal of a Fe-R-B system 
alloy is cooled with a quenching method. By it The cooling process which 
forms a with a 80-micrometer or more thickness [ 300 micrometer or 
less ] rapid solidification alloy, The process which generates the alloy 
which crystallizes said rapid solidification alloy and has a permanent 
magnet property by heat treatment, Said alloy is ground using the hammer 
mill equipment with which a part of part [ at least ] in contact with 
said alloy is formed from the cemented carbide ingredient, and the 
process in which mean particle diameter forms 10-micrometer or more 
powder 100 micrometers or less with FSSS grain size by it is included. 
[0024] In a desirable operation gestalt, the process which carries out 
coarse grinding of said rapid solidification alloy before said heat 
treatment is included further. 

[0025] In the desirable operation gestalt, said rapid solidification 
alloy consists of organizations where at least one metastable phase 
chosen from the group which consists of an amorphous phase and Fe23 B6 
phase, Fe3 B phase, and an R2Fe23B three phase circuit before said heat 
treatment, and R2Fel4 B phase are intermingled. 

[0026] In the desirable operation gestalt, said rapid solidification 
alloy consists of amorphous organizations before said heat treatment. 



[0027] In a desirable operation gestalt, the alloy which has said 

permanent magnet property It is expressed with the empirical formula of 
FelOO^x-yRxBy (for iron and R, rare earth elements and B are [ Fe ] 
boron), x in said empirical formula and y satisfy the relation of x<=2 
atom %<=11 atom % and 10 atom %<=y<=20 atom %. As a configuration phase 
The diameter of average crystal grain of each configuration phase is 
lOOnm or less in FSSS grain size including the alloy of Fe, Fe, and B, 
and the compound which has the R2Fel4B mold crystal structure. 
[0028] The manufacture approach of the bond magnet of this invention 
includes the process which prepares said iron machine alloy permanent 
magnet powder manufactured by the manufacture approach of the above- 
mentioned iron machine alloy permanent magnet powder, and the process 
which fabricates said iron machine alloy permanent magnet powder. 
[0029] 

[Embodiment of the Invention] In this invention, after forming the iron 
machine magnetic material alloy which includes the iron more than 50 
mass %, a part of part [ at least ] in contact with an iron machine 
magnetic material alloy grinds an iron machine magnetic material alloy 
using the hammer mill equipment currently formed from the cemented 
carbide ingredient (preferably tungsten-carbide sintered compact). 
[0030] The invention-in-this-application person found out that it was 
hard to produce wear of a hammer, lining, etc., and the particle size 
distribution of a pulverized powder could be maintained to desired 
distribution in the grinding interior of a room of hammer mill equipment 
even if it grinds an iron machine magnetic material alloy with which 
more than 50 mass % contains iron and which is sticky, when the part 
(for example, a hammer and lining) which collides and contacts with a 
ground object is constituted from a cemented carbide ingredient. 
[0031] Hereafter, the operation gestalt of this invention is explained. 
[0032] [Hammer mill equipment] drawing 1 and drawing 2 show an example 
of the hammer mill equipment used with this operation gestalt. Drawing 1 
R> 1 is the sectional view showing the whole hammer mill equipment 
configuration, and drawing 2 is the perspective view expanding and 
showing the grinding section of the hammer mill equipment shown in 
drawing 1 . As shown in drawing 1 , hammer mill equipment 10 consists of 
feeder 10c which carries a raw material to hopper (input port) 10b for 
throwing in a raw material, pulverization-chamber 10a for grinding a raw 
material, and pulverization-chamber 10a from hopper 10b. In addition, 
the feeder of a screw type is used as feeder 10c. 
[0033] Moreover, as shown in drawing 1 and drawing 2 , two or more 
hammers 12 held with the disk 14 of the pair fixed to the revolving 



shaft 16 are held in the interior of pulverization-chamber 10a of hammer 
mill equipment 10. With this operation gestalt, hammer mill equipment 10 
has 12 ''KO'^ character type hammers 12. However, only two hammers are 
shown in drawing 2 among 12 hammers 12. 

[0034] The arm of a hammer 12 is connected rotatable to the shaft 13 
which was prolonged in between disks between the disks 14 of a pair, and 
was fixed in near the periphery of a disk. Thus, a hammer 12 is attached 
in a disk 14 in the condition that it can swing. In addition, the shaft 
13 is established at equal intervals on the same periphery in a disk 14, 
and the hammer 12 is symmetrically arranged by this to the revolving 
shaft 16. 

[0035] Moreover, the upper part of a wall is established in the wrap 
lining 18 by pulverization-chamber 10a, and irregularity (for example, 
irregularity of an involute mold) is formed in the front face of this 
lining 18, On the other hand, the lower part of pulverization-chamber 
10a leads to the exterior of equipment through the screen (reticulated 
member) 19, and after a pulverized powder is sifted out by the screen 19, 
it is discharged by the equipment exterior. 

[0036] The driving gear (un-illustrating) for applying the rotational 
motion force to a revolving shaft 16 is formed in hammer mill equipment 
10, and it can be made to rotate the disk 14 of a pair at high speed 
(4000 - 8000rpm). Thereby, the hammer 12 attached in the periphery 
section of a disk also moves the surroundings of a shaft 16 circularly 
at a high speed. In order that a hammer 12 may receive the centrifugal 
force which goes outside during rotation, spacing of distal end 12a of a 
hammer and lining 18 serves as min. The hammer 12 under rotation and the 
clearance between the linings 5 arranged at the grinding indoor wall are 
preferably set as about 0. 5mm. However, this gap may be suitably changed 
according to the ingredient of a ground object, the particle size 
distribution of a pulverized powder which should be acquired. 
[0037] In such hammer mill equipment 10, the ground object which should 
be ground is thrown in in equipment from hopper 10b, and is sent to 
pulverization-chamber 10a by screw feeder 10c, The ground object sent to 
pulverization-chamber 10a is ground by being knocked with the hammer 12 
with big kinetic energy, being cut, grinding, or being pressed and 
crushed by the high-speed circular motion, all over the clearance 
between linings 18 and the hammers 12 which have been arranged at the 
grinding indoor wall. As mentioned above, since a hammer 12 can be swung, 
it can tell the impact which makes and becomes so that it may be a whip 
efficiently to a non-grinding object. The powder generated by such 
grinding is discharged through a screen 19 in the equipment lower part. 



[0038] In the hammer mill equipment 10 of this operation gestalt, 
although the disk 14 and revolving shaft 16 which support a hammer 12 
are formed from stainless steel etc., a hammer 12 and lining 18 are 
formed from cemented carbide ingredients, such as a tungsten-carbide 
(WC) sintered compact. As a cemented carbide ingredient, TiC, MoC, NbC, 
TaC, and Cr3C2 grade can be suitably used besides WC. These cemented 
carbide is the sintered compacts which combined IVa, Va, and the carbide 
powder of the metal belonging to a Via group using Fe, Co, nickel, Mo, 
Cu, Pb, Sn, or these alloys. 

[0039] Instead of forming a hammer 12 and the whole lining 18 from a 
cemented carbide ingredient, you may make it cover only a hammer 12 and 
the front face of lining 18 by cemented carbide. Moreover, the part (for 
example, a disk 14 and a shaft 16) which contacts a ground object except 
a hammer 12 or lining 18 may be formed from cemented carbide. However, 
it is tended to wear a hammer 12 out, and since lining 18 is 
subsequently a part with remarkable wear compared with other powder 
contact sections, it is desirable to form the front face or the whole of 
a hammer 12 and lining 18 from cemented carbide at least, 
[0040] Hereafter, the desirable operation gestalt is explained to a 
detail about the manufacture approach of the iron machine magnetic 
material alloy powder by this invention. 

[0041] This operation gestalt explains the case where the powder is 
manufactured, using the nano composite magnet alloy of a Fe-R-B alloy 
system as an example of an iron machine magnetic material alloy. A nano 
composite magnet alloy is the iron machine alloy permanent magnet which 
the microcrystal of the iron machine boride which are software magnetism 
phases, such as Fe3B and Fe23 36, and the microcrystal of the R2Fel4 B 
phase which is a hard magnetism phase were distributed in the same metal 
texture at homogeneity, and both combined magnetically by the exchange 
interaction. 

[0042] such a nano composite magnet alloy — T100~x-yRxBy (the 
transition-metals element with which T permuted a part of Fe or Fe by Co 
etc. — ) the alloy (x<=2 atom %<=11 atom % — ) which R is rare earth 
elements and is expressed with the empirical formula of at least one 
sort of rare earth elements chosen from the group which consists of Pr, 
Nd, Dy, and Tb preferably And after making the molten metal of 10 
atom %<=y<=20 atom % solidify with a quenching method, it is produced by 
performing suitable heat treatment. A part of B (boron) may be permuted 
by C (carbon). Moreover, the additive for raising magnetic properties 
may be contained, and as an additive, even if there are little Ti, V, Cr, 
Zr, Nb, Mo, Hf, Ta, and W, a kind can be used. However, the alloy needs 



to contain Fe more than 50 mass %. On these specifications, the alloy 
which may have the above various presentations is called the Fe-R-B 
system alloy. 

[0043] When using the single rolling method, this is made to solidify as 
a quenching method by contacting a raw material alloy molten metal on 
the front face of the rotating cooling roller. When based on this 
approach, the configuration of a quenching alloy becomes what was 
extended in the shape of a thin band (ribbon) along the peripheral- 
velocity direction of a cooling roller. Thus, as for the produced 
quenching alloy thin band, a permanent magnet property is given by heat 
treatment. As for after heat treatment, it is desirable that the 
diameter of average crystal grain of each configuration phase sets to 
lOOnm or less as a configuration phase including the alloy of Fe, Fe, 
and B, R2Fel4B, etc. Then, it is ground so that mean particle diameter 
may be set to 300 micrometers or less, and it becomes magnet powder. 
This magnet powder will constitute the permanent magnet object which has 
a request configuration with compression molding or injection molding. 
[0044] With a [quenching equipment] book operation gestalt, a raw 
material alloy is manufactured using the melt spinning equipment shown, 
for example in drawing 3 . In order to prevent oxidation of the raw 
material alloy containing the rare earth elements which are easy to 
oxidize, an alloy production process is performed in an inert gas 
ambient atmosphere. As inert gas, it is desirable to use rare gas, such 
as helium or an argon. In addition, in order that nitrogen may tend to 
react with rare earth elements, using as inert gas is not desirable. 
[0045] The equipment of drawing 3 held the vacuum or the inert gas 
ambient atmosphere, and is equipped with the dissolution room 1 and the 
quenching room 2 of the raw material alloy which can adjust the pressure. 
[0046] The dissolution room 1 is equipped with the fusion furnace 3 
which dissolves the raw material 20 blended so that it might become a 
desired magnet alloy presentation at an elevated temperature, the hot- 
water-storing container 4 which has the tapping nozzle 5 at the pars 
basilaris ossis occipitalis, and the combination feeding equipment 8 for 
supplying a feed ingredient in a fusion furnace 3, controlling 
atmospheric penetration. The hot-water-storing container 4 stores the 
molten metal 21 of a raw material alloy, and has the heating apparatus 
(un-illustrating) which can maintain the tapping temperature on 
predetermined level. 

[0047] The quenching room 2 is equipped with the rotation cooling roller 
7 for carrying out the rapid solidification of the molten metal 21 which 
came out of the tapping nozzle 5. 



[0048] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 
predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b 
and 8b, and the flueing openings la, 2a, and 8a are formed in the 
suitable part of equipment. Especially flueing opening 2a is connected 
to the pump in order to control the absolute pressure in the quenching 
room 2 within the limits of vacuum -50kPa. 

[0049] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 

hot-water-storing container 4. 

[0050] The tapping nozzle 5 of the hot-water-storing container 4 is 
arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-^storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. 0mm. With 
this operation gestalt, when the viscosity of a molten metal 21 is large, 
although a molten metal 21 stops being able to flow easily in the inside 
of the tapping nozzle 5, in order to hold the quenching room 2 in the 
pressure condition lower than the dissolution room 1, differential 
pressure is formed between the dissolution room 1 and the quenching room 
2, and tapping of a molten metal 21 is performed smoothly. 
[0051] As for a cooling roller 7, it is desirable to form from the alloy 
containing Cu, Fe or Cu, or Fe. If a cooling roller is produced with 
ingredients other than Cu or Fe, since the detachability over the 
cooling roller of a quenching alloy will worsen, it is [ a possibility 
that a quenching alloy may coil around a roll ] and is not desirable. 
The diameter of a cooling roller 7 is 300-500mm. The water-cooled 
capacity of a water cooler established in the cooling roller 7 is 
computed and adjusted according to the coagulation latent heat and the 
amount of tapping per unit time amount. 

[0052] According to the equipment shown in drawing 3 , the rapid 
solidification of a total of the 20kg raw material alloy can be carried 
out, for example in 15 - 30 minutes. In this way, the formed quenching 
alloy is the alloy thin band (thickness :80micrometer-300micrometer and 
width-of-face:2mm-6mm) (alloy ribbon) 22. 

[0053] in addition, without using the tapping nozzle 5 like the 
equipment to illustrate, since a molten metal collects, a quenching 
alloy may be produced using the strip casting equipment which supplies 
an alloy molten metal on a quenching roll using the tabular (or dished) 
interior material of a proposal (chute). In this case, as an alloy 



molten metal can be pulled up on the rotating roll, it moves in a roll 
top, and in this process, it quenches it. If such strip casting 
equipment is used, it will become possible to raise manufacture 
effectiveness. 

[0054] [Quenching method] The molten metal 21 of the raw material alloy 
expressed with the above-mentioned empirical formula is produced first, 
and it stores in the hot-water-storing container 4 of the dissolution 
room 1 of drawing 3 . Next, tapping of this molten metal 21 is carried 
out from the tapping nozzle 5 on the water-cooled roll 7 in a reduced 
pressure Ar ambient atmosphere, and contact on the water-cooled roll 7 
quenches it, and it is solidified. It is desirable to use the approach 
in which highly precise control of a cooling rate is possible as the 
rapid solidification approach. 

[0055] In addition, the ambient atmosphere in the quenching room 2 is 
changed into a reduced pressure condition. As for an ambient atmosphere, 
it is desirable that absolute pressure consists of inert gas of 50 or 

less kPas. In addition, since the effect of a controlled atmosphere 
being involved in between a roll kneader and an alloy molten metal 
becomes remarkable when the pressure of a controlled atmosphere exceeds 
50kPa(s), and a possibility that a uniform organization may not be 
obtained becomes strong, it is not desirable. 

[0056] With this operation gestalt, the thickness of a quenching alloy 
thin band is set as the 80-micrometer or more range of 300 micrometers 
or less by adjusting roll surface velocity a second within the limits of 
Im /or more 13m/second or less. In a second, the diameter of average 
crystal grain becomes [ roll surface peripheral velocity ] large too 
much in less than Im /. On the other hand, when roll surface peripheral 
velocity exceeds a second in 13m /, less than 0. 3 powder will be formed 
for the ratio (a monopodium/major axis) of the direction size of a minor 
axis to the direction size of a major axis at the grinding process using 
the hammer mill equipment which the thickness of a quenching alloy thin 
band is less than 70 micrometers, and mentions later. When a minor axis 
/ major-axis ratio is less than 0. 3 micrometers, there is an inclination 
for the restoration nature and the fluidity at the time of shaping to 
fall, and for a magnetic powder filling factor to fall, 
[0057] In addition, when producing a quenching alloy using the above 
quenching methods, as for a quenching rate, it is desirable to be set 
[ second ] up in 102 degrees C/second - 105 degrees C /. 
[0058] After performing a quenching process in the case of a [heat-of- 
crystallization processing] book operation gestalt, the diameter of 
average crystal grain generates the microcrystal which is lOOnm or less 



by performing heat-of-crystallization processing to a quenching alloy. 
As for this heat treatment, it is more preferably desirable to heat 30 
seconds or more at the temperature of 500 degrees C - 700 degrees C 400 
degrees C - 700 degrees C. If heat treatment temperature exceeds 700 
degrees C, grain growth will be remarkable and a magnet property will 
deteriorate. On the contrary, since R2Fel4 B phase does not deposit 
[ heat treatment temperature ] at less than 400 degrees C, high coercive 
force is not acquired. 

[0059] If it heat-treats on condition that the above, a microcrystal 
(the alloy (namely, iron machine boride) of iron, iron, and boron and 
compound which has the R2Fel4B mold crystal structure) can be formed so 
that the diameter of average crystal grain may be set to lOOnm or less. 
Although desirable heat treatment time amount may differ depending on 
heat treatment temperature, when heat-treating, for example at 600 
degrees C, it is desirable to perform heating for 30 seconds - about 30 
minutes. Crystallization may not be completed if heat treatment time 
amount is less than 30 seconds. 

[0060] In addition, before heat-treating, it is desirable to perform a 
coarse-grinding process and to change into a powder condition with a 
mean particle diameter of about 100-1000 micrometers. A mean diameter 
here points out a mass median diameter (median size). 
[0061] With a [grinding process] book operation gestalt, the pulverized 
powder by which coarse grinding was carried out is further ground using 
the hammer mill equipment 10 shown in drawing 1 and drawing 2 by the 
above-mentioned approach. According to such hammer mill equipment 10, 
10~micrometer or more powder 100 micrometers or less is produced for 
mean particle diameter. With this operation gestalt, 1.0 or less or more 
0.3 powder particle is obtained for the ratio (a monopodium/major axis) 
of the direction size of a minor axis to the direction size of a major 
axis. 

[0062] According to this operation gestalt, even if it performs a lot of 
grinding processing, it is hard to produce wear of a hammer, lining, etc. 
The gap of a hammer and lining spreads, and if a hammer and lining are 
worn out, that it is easy to pass through the particle, it will become, 
or when the volume of a hammer decreases, the collision frequency of a 
hammer and a ground object will fall. Consequently, the particle size 
distribution of the alloy powder obtained are shifted in the direction 
in which mean particle diameter becomes large. This is connected with 
reducing magnetic properties greatly when powder consists of magnetic 
materials, such as a magnet. However, according to this operation 
gestalt, since abrasion resistance, such as a hammer and lining, is 



improving, the particle size distribution of the magnet alloy powder 
obtained cannot change easily with time, and the magnetic material 
components which were finally excellent in magnetic properties will be 
obtained. 

[0063] A compound is produced by adding and kneading the binder and 
additive which become the magnet powder which is the [manufacture 
approach of magnet object] above-mentioned, and was made and obtained 
from an epoxy resin. Next, after pressing with shaping equipment with 
the shaping space of the request configuration of a party udo, a final 
bond magnet can be obtained through a heat hardening process, a washing 
process, a coating process, an inspection process, and a magnetization 
process. 

[0064] Fabrication is not necessarily limited to above-mentioned 
compression molding, and is good also by well-known extrusion molding, 
injection molding, or rolling shaping. Magnet powder will be kneaded 
with plastic resin and rubber according to the class of fabricating 
method to adopt. 

[0065] In addition, when based on injection molding, high softening 
temperature resin can be used like polyphenylene sulfide (PPS) resin 
besides the polyamide (nylon) currently widely used as resin. This is 
because the magnet powder concerning this operation gestalt is formed 
from the low rare earth alloy (alloy with the low content of rare earth 
elements), so a magnet property does not deteriorate even if it is hard 
to oxidize and performs injection molding at temperature high in 
comparison. 
[0066] 

[Example] the hammer-mill equipment which welded [ the hammer formed 
from austenitic stainless steel, and / of lining ] the tungsten carbide 
by the thickness of 200 micrometers in this example of an experiment — 
using it — Fe — the alloy for 3 B/Nd2Fel4B system nano composite 
magnets was ground. 

[0067] The used hammer mill equipment has the structure shown in drawing 
1 and drawing 2 R> 2, and the disk furnished with a hammer of two sheets 
is formed from austenitic stainless steel (JIS SUS304) etc. In addition, 
a hammer has width of face of 67mm, and a dimension with a thickness of 
12mm, and the diameter of a disk is 150mm. The disk of two sheets 
rotates with the driving force of a motor. The rate to rotate may be 
controlled by the range of per minute 4000 to 8000 rotation. 
[0068] As mentioned above, 12 hammers are attached on the turning circle 
of a disk, and the concentric circle, and the clearance between a hammer 
and lining of a grinding interior wall side becomes 0.5mm in all hammers 



in the place which a hammer and lining approach most. 

[0069] In this example, the disk was rotated per minute 7000 times and 

the alloy Ikg/m was ground. 

[0070] In addition, with the power mill, coarse grinding of the alloy 
before supplying to grinding equipment was carried out, and it had 
become the shape of a flake with a mean particle diameter of about 400 
micrometers. The power mill used here is equipment which grinds a raw 
material, rotating 1 set of rotation blades which carried out the four- 
step pile of the blade of the four-sheet cutting edge which carried out 
thermal spraying of the WC through the spacer in the stainless steel 
clean case corresponding to desired grinding size. 

[0071] Drawing 4 is the graph which plotted the value which broke by AUW 
of the hammer before grinding initiation the AUW of the hammer of the 
hammer mill equipment used for grinding to the amount of grinding. The 
black dot and continuous line in a graph show the measurement result 
about the example of this invention, and the white round head and the 
broken line show the measurement result about the example of a 
comparison. WC film is not formed in a hammer and the front face of 
lining, but the hammer mill equipment of the example of a comparison has 
the completely same configuration as the hammer mill equipment of an 
example except for the point that the whole is a product made from 
austenitic stainless steel. 

[0072] As for most wear of a hammer, in the case of an example, the 
amount of grinding is not observed to 100kg so that drawing 4 may show. 
On the other hand, the weight of a hammer is decreasing about 5% in the 
phase where the amount of grinding is 100kg in the case of the example 
of a comparison. The stainless steel deleted from the hammer is mixed 
into a pulverized powder. Reduction of 5% of weight of a hammer supports 
that the stainless steel of about 0. 10 mass % mixes into powder. 
[0073] Table 1 and drawing 5 show the particle size distribution 
(continuous line) in the time of the amount of grinding being 10kg, and 
the particle size distribution (broken line) in the time of 100kg about 
the above-mentioned example. On the other hand, Table 2 and drawing 6 
show the particle size distribution (continuous line) in the time of the 
amount of grinding being 10kg, and the particle size distribution 
(broken line) in the time of 50kg about the above-mentioned example of a 
comparison. In addition, particle size distribution were measured by 
applying a pulverized powder to the multistage-type vibrating screen. 
The multistage-type vibrating screen has two or more screens piled up so 
that an opening might become small as it goes downward from a top, and 
it can measure particle size distribution by measuring the weight of the 



pulverized powder which remained in each screen. 

[0074] When an example is compared with the example of a comparison, 
even when the amount of grinding is 100kg, in the case of the example of 
a comparison, in the case of an example, it turns out that the big 
change to particle size distribution is not produced that the particle 
size distribution at the time of 50kg have shifted to a coarse-grain 
side greatly rather than the particle size distribution at the time of 
the amount of grinding being 10kg. 
[0075] 
[Table 1] 





25k g]@^ 


10 0k gJ&B^ 


u m 


w t % 


w t% 


0 — 3 8 


3 6.5 


36. 2 


3 8 — 7 5 


2 9. 4 


28. 1 


7 5^10 6 


2 5.2 


26. 1 


1 0 e^-i 5 0 


8, 7 


9. 4 


1 SOJEilJi 


0. 2 


0. 2 


fh 


100 


100 


[0076] 
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[0077] When change of particle size distribution which were generated in 
the example of a comparison arises, since it is not desirable, it is 
necessary for magnetic manufacture to exchange wear components, such as 
a hammer and lining, frequently. The activity of such a parts 
replacement has the fault which increases a manufacturing cost in order 
to cause the increment in a labor cost. On the other hand, since the 
exchange frequency of articles of consumption, such as a hammer and 
lining, is reduced greatly in the case of this invention, such a 
manufacture increase in cost does not arise. Moreover, in the case of 
this invention, since the rate which the ingredient which constituted 
the hammer etc. mixes into powder by wear is reduced, there is also an 
advantage which is easy to produce powder with more high purity. 
[0078] In addition, although the above-mentioned operation gestalt and 



the example were related with grinding of the nano composite magnet 
alloy produced with the quenching method, this invention is not limited 
to this but may be widely applied to the iron machine magnetic material 
alloy with which more than 50 mass % contains iron. Ferromagnetic 
ingredients, such as soft magnetic materials of for example, a Fe-Si-B- 
Nb-Cu system or a Fe-Zr-B system ingredient and Nd-Fe-Co-B system 
magnetic powder made from MQI, anisotropy Nd2Fel4B (HDDR) magnetic 
powder, and Sm2Fel7 system magnetic powder, and also a RFe2 system 
super-magnetostriction ingredient are contained in the iron machine 
magnetic material alloy with which more than 50 mass % contains iron. 
[0079] Moreover, although hammer mill equipment had ground the iron 
machine magnetic material alloy in the condition of having crystallized, 
in the above-mentioned explanation, the iron machine magnetic material 
alloy in the condition that an amorphous state or an amorphous phase is 
included may be ground. Generally, since an amorphous phase is hard to 
be ground as compared with a crystal phase, it much more becomes easy to 
wear a hammer etc. out. Therefore, the effectiveness of this invention 
can say that the case where a ground object contains many amorphous 
phases appears notably. 

[0080] Moreover, this invention is not restricted when using the hammer 
mill equipment which has the configuration of the above-mentioned 
operation gestalt, but when using the various hammer mill equipments 
which grind by adding an impact by movement of a hammer (rigid body), it 
is applied. 
[0081] 

[Effect of the Invention] Since the part (for example, the front face of 
a hammer and the front face of lining) which collides and contacts with 
a ground object within hammer mill equipment is constituted from a 
cemented carbide ingredient according to this invention, even if it 
grinds an iron machine magnetic material alloy with which more than 50 
mass % contains iron and which has stickiness, it is hard to produce 
wear of a hammer, lining, etc. , and the particle size distribution of a 
pulverized powder can be maintained to desired distribution. Therefore, 
the iron machine magnetic material alloy powder produced by this 
invention is used suitable for a bond magnet, other magnetic material 
components, etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the hammer mill equipment 
used for this invention. 

[Drawing 2] It is the transparence perspective view expanding and 
showing the pulverization chamber of the hammer mill equipment shown in 
drawing 1 . 

[Drawing 3] It is drawing showing the example of 1 configuration of the 
melt spinning equipment (single roll equipment) which may be used 
suitable for this invention. 

[Drawing 4] It is the graph which plotted the value which broke by AUW 
of the hammer before grinding initiation the weight of the hammer of the 
hammer mill equipment used for grinding to the amount of grinding. 
[Drawing 5] It is the graph which shows the particle size distribution 
(continuous line) in the time of the amount of grinding being 10kg, and 
the particle size distribution (broken line) in the time of 50kg about 
the example of this invention. 

[Drawing 6] It is the graph which shows the particle size distribution 
(continuous line) in the time of the amount of grinding being 10kg, and 
the particle size distribution (broken line) in the time of 50kg about 
the example of a comparison. 
[Description of Notations] 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Rotation Cooling Roller 
la, 2a, 8a Flueing opening 
10 Hammer Mill Equipment 
12 Hammer 



13 Shank Material 

14 Rotating Disk 
16 Revolving Shaft 

18 Lining 

19 Screen 
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